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| "Section t 
THE FORECASTING PROBLEM 
. INTRODUCTION 


. ‘This is a review of 4 months of forecasting experience for the Marshall Islands in connec- . 
tion with the CROSSROADS Operation. It is not intended to be a maaual on * spical forecast- 
ow ing. However, it is an accurate description of meteorological phenomena during April, May, 

June, and July, 1946, in the Marshalls and the material contained is & consensus of Army 
aud Navy officers associated with the operation. 

It attempts to explain the forecasting methods employed in CROSSROADS, panne. of their 
siccems, and the difficulties encountered. . 
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SOO meee 


Eo OF 


- ‘A tropical forecaster, the same as o forecaster 


anywhere else, should keep in mind the basic 


fact that clouds are the fundamental indices of 
_ all weather phenomena. With the knowledge 


that clouds ..2 caused by cooling air to its 
saturation point, and logically deducing which 


of the several cooling processes are likely to 


occur in his region, the forecaster can construct 


charts showing the relationships of these proc- 


eases from which he will be able to forecast 
cloud amounts, types, and orientations or 
“operational weather.” 

In the Marshall Islands the air mass cooling 


‘and cloud formation were nearly always the 


result of procesaca causing air mass lifting. By 
far the moct important of these was streamline 
or airflow convergence. Thermal convection 
was present but, acting alone, it did not pro- 
duce more than scattered fair weather cumulus 
with bases near 2,000 feet. The huge ocean 
surface and the insignificant land mass pre- 
vented a high maximum temperature. Other- 
wise thermal convection might have been im- 
portant. The daily range of temperature was 
consistently 9° to 11° F. Whether or not ad- 
vection of warmer or colder air occurred was 
never clearly established. Some evidence fa- 
vored its existence. Temperature readings 
from the radiosonde reports were not conclu- 
sive, due to inherent instrumental error or to 
the sparse radiosonde network: Orographical 
and frontal lifting which are so important in air 
mass lifting and cloud formation in many parts 
of the world were absent in the Marshalls. The 
elevations of the islands are too low to be ef- 
fective. Fronts with sir mass density discon- 
tinuities and other properties associated with 
them in higher latitudes did not reach the 
Marshalls as such. Some analysts entered 
sheer lines through the Marshall area which 
were believed to result from cold fronts having 
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pushed into the tropics. More will be said about 
shear lines in the section Forecasting Tech- 
niques. It may be stated without question 
that shear lines do not produce a frontal lift. 
How>ver, airflow convergence along the shear 
can cause lifting and cloud formation. Radia- 
tion is a cooling process which does occur, but 
its magnitude was not determinable. It is 
fairly certain that radiation was not a major 
factor in producing the clouds that were associ- 
ated with general poor weather conditions, al- 
though it might have been the cause of diurnal 
fluctuations in amounts of clouds such as a 
maximum of low clouds near daybreak. 

In the absence of any marked convergence or 
lifting processes, the moisture vapor and clouds 


. over the Marshall Islands were concentrated in 


the lowest 6,000 to 8,000 feet of the atmosphere. 
During periods of strong divergence the top of 
the moist layer was as low as 4,000 feet. Little 
variation was found in the moisture content in 
the lower 4,000 feet which was expected since 
the air has a trajectory over a water surface for 
several thousand miles before reaching the 
Marshalls. 

The task of preparing forecasts for operations 
required not only the construction of charts 
which would show directly or indirectly the 
weather-producing processes, but also their 
application for forecasting cloud types, amounts, 
and heights, winds and temperatures to 60,000 
feet, height of the tropopause, and pressure- 
altitudes, Toward these ends, a total of 19 sur- 
face, horizontal upper air, vertical upper air, 
and climatological charts were prepared. Eav1 
chart is discussed individually in # section de- 
voted entirely to that purpose. Analysis of the 
charts established the existence of 7 meteoro- 
logical entities useful for forecasting in the 
Marshalls. Each of these is described under 
the section Forecasting Techniques. 
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FORECASTING TECHNIQUES: 


Westerly Polar ee 


During April, May, and early Sans: 1946, 
weaterly polar troughs were noted to pass over 
_the Marshall Islands on an average of once a 
week, From their origin in the low pressure 
systems of the middle and high latitudes, the 
troughs trailed generally southward aloft above 
the easterly trade winds in the tropical lati- 
tudes. Their line of orientation above the 
Marshalls was NE-SW, and their eastward rate 
of movement averaged about 8° per day (480 
miles). Farther north the trough line moved 


faster as did the low so that it was impossible ~ 


‘to tell which of the high latitude low centers 
was sasociated with a trough over the Marshalls. 
Sometimes it appeared that the subtropical 
high cell was so intense that the segments of a 
westerly polar trough were blocked and disai- 
pated in that region, while the segments farther 
south persisted and moved eastward. The 
region of the Marshalls and eastward apparently 
~ was the scene of a weakening or dissipation of 
several of the troughs observed. 

. As the summer season progressed, the occur- 
rence and intensity of westerly polar troughs 
decreased, until in late June end July their 


occurrence over the Marshalls was n0 longer 


noted. 

Indices found best suited for identifying and 
locating the. westerly polar troughs were a low 
level of the westerly winds and bad weather. 
A trough could be expected to lower the base of 
tho weeterlies to 12,000 to 20,000 feet. 

The bad weather caused by the westerly 
troughs moved from west to east, although to 
an observer on the ground it appeared to move 
in the opposite direction due to the low clouds 
and rein being driven to the westward by the 
easterly trade winds. A normal cloud pattern 
for the approach of a trough was one with tower- 
ing cumulus, heavy middle cloudiness, and cir- 
rus. The low and middle cloud forms demon- 
strated by their vertics] development that the 
greatest instability lay in the region from the 
center of the trough line eastward. Once the 
trough line had passed a station and the winds 
above the base of the westerlies had shifted to 
the northwest, a decrease in cloudiness soon 
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“eae The middle cloud lave: wes 5 fastest to 
disappear, and as @ rule few or no middle 
clouds were forecast whenever northwesterly 
winds prevailed directly above the top of the 
easterlies. 

The effects on the weather caused by the 
Meeting of an easterly wave and a westerly 
trough was not very well understood. It was 
felt that the phenomenon should produce poorer 
weather, but no definite proof that this hap- 
pened was found during the four months of the 
CROSSROADS Operation. Another unan- 
swered question was whether or not an easterly 
wave persisted until meeting a westerly trough, 
and if so, whether the easterly wave continued 
westward and the westerly trough eastward 
following the meeting. 

A further point of conjecture involved the 
slope of the vertical axis of a westerly trough. 
It was thought that the slope was upward 
toward the west, but not enough conciusive 
evidence was found. This problem might have 
been answered had there been a dense enough 
network of rawin stations for analyzing hori- 
zontal wind patterns at several levels. 

Advection of warmer and colder air does 
occur in the westerly flow above the easterly 
trade winds in the Marshall Islands. This 
fact is established by the veering winds through 
the chear zone between the lower easterlies and 
higher westerlies as a trough approaches and a 
backing after it passes. 

Westerly troughs were not always the cause 
of the lowering of the base of the westerlics. 
It is true that during the spring they were 
almost wholly responsible, but extremely low 
bases occurred during June and July when 
westerly polar troughs were not in the region. 
Neither the explanation of this nor the factor 
that produced many of the upper-air fiaw 
Patterns was understcod. A much denser 
network of. winds aloft reports was needed to 
understand the upper-air patterns during June 
and July. 


It was not at all unusual to find the base of 


the westerlics higher over Wake than over the 
Marshalls, and cases occurred when the base 
was higher at Bikini then at Kwajalein. 


Easterly Waves 
-. This is an attempt to describe the easterly 
wave and its effects in the Marshall Islands dur- 
ing the CROSSROADS Operation. It ap- 
peared on the’surface as a weak pressure trough 


wo, erlaated | generally north-northeast — south- 
1 sguthwest and extended northward for several 
’-. hundred miles from 2 wave on the Equatorial 


. Front (1CZ), Its movement was east to west 


~. ab approximately 4° to 6° per day. 


Both surface ond upper air indices were em- 
' ployed in identifying and locating easterly 
waves. A normal sequence of weather at a 

_ particular station upon the approach and 
passage of a wave began with unusually good 
weather. For 24 to 36 hours preceding its 
arrival, the cloud cover cousisted of two- to 


- four-tenths fair weather cumulus and these 


sometimes formed into NE-SW cloud rows. 
During this period the surface pressure wag 
undergoing 24-hour falls. Three-hourly pres- 


gure changes were insignificant due to the large 


diurnal pressure changes in the tropics. As the 


' wave drew very near the station, thecumulus ' 


clouds increased both in amount and vertical 
development, showers occurred, middle cloud 
layers appeared, 24-hour surface pressure 
changes were small and the wind shifted slowly 
from northeast or east-northeast into the east. 
Upon its passage the noticeable changes were a 
wind shift into the east-southeast or southeast, 
‘more cloudiness, and increased shower activity. 
Comparisons of 24-hour surface pressure changes 
ordinarily showed rises. Forty-eight to 72 
hours were required after the wave passage for 
@ return to good weather conditions. 

The upper air indices showed that easterly 
waves sloped upward toward the west. The 
first wind shifts occurred at the 18,000-foot 
level or lower with a change from east-north- 
east or east to east-southeast or scutheast. 
The shift progressed downward to lower levels 
as the weve approached until finally the surface 
wind shifted with the actual passage. The 
2,000- and 8,000-foot streamline charts verified 


this slope since trough lines were located farther 


west at the 8,000-foot level than at 2,000 feet. 
About 4° seperated the position of the highest 
upper air trough and the surface trouga. Only 
the circulation in the lower 12,000 to 18,000 
feet of the atmosphere appeared to be affected. 
Deep easterly flows to above 20,000 feet were 
most conducive for the occurrence of easterly 


' (ICZ) did not exist. 


waves even though the circulation was not 
affected to that level. 

The frequency of easterly waves was highest 
in June. Intervals between were sometimes as 
short as 3 or 4 days. Warlier in the year west- 
erly troughs predominated, while later in July 
the Equatorial Front (iCZ) was far enough 
north at times to prevent the Marshalls from 
being affected by easterly waves. 


Equatorial Front (Intertropical Convergence Zone) 
The Equatorial Front (ICZ) is most easily 


- defined as that line along which the air flows of 


the northern and southern hemispheres meet. 

The principal indices used for locating it 
were clouds, weather, and steamline conver- 
gence. It was found that large amounts of 
middle type clouds existed with the Equatorial 
Front, (ICZ), and this factor was of great value 
in locating it from the weather distribution 
chart. Usually, more cumulus and especially 
those with great vertical buildups occiwred 
with the Equatorial Front (ICZ), although 
this was not always true. Heavy showers are 
associuted with the Equatorial Front (ICZ), 
but they are found less consistently than the 
middie cloud layers and consequently were of 
less analytical value. Streamline analyses of 
air flow on the surface and upper air levels were 
a definite method of locating the Equatorial 
Front (ICZ), but sometimes sufficient reports 
were not available to determine the line along 
which the streamlines converged. 

Apparently the Equatorial Front (ICZ) 
sloped upward to the north or south’since its 


. positions on the surface, 960- and 750-millibar 


charts as determined by the streamline con- 
vergence method frequently did not coincide. 

Most analyses showed the Equatorial Front 
(ICZ) extending as a continucus line across 
most of the Pacific Ocean. However, the 
data did not always bear this out. There were 
inactive segments where converging stream 
lines could not be drawn, and the cloud and 
weather patterns of the Eq:atorial Front 
A better anelysis would 
have been one showing the discontinuous 
characteristics. Sometimes a segment up to 
several hundred miles in length became active, 
moved as an entity for several days and then 
dissipated so that it could not be found. During 
the most active stages, vertical mixing pro- 
duced saturated and nearly saturated condi- 


tions from the surface to 30,000 or 35,000 feet. 
Once the Equatorial Front (ICZ) had reached 
the climax in its cycle and dissipation had set 
in, the moisture was found in striated layers, 

The accuracy obtained in forecasting: the 
movements snd intensities of the Equatorial 
Front (CZ) was not very satisfactory. How- 
ever, certain useful rules were found. The 
prevalence of winds with southerly components 
on the north side favored its northward move- 
ment, while winds with northerly components 
favored a southward movement, Also, the 
_ passage of westerly polar troughs and easterly 
waves caused northward movements of the 
Equatorial Front (ICZ). Its mean position 
progressed northward during the summer so 
that Kwajalein and Bikini (though less often) 
were sometimes found to be on the south side. 


Waves on the Equatorial Front (1CZ) 

' Waves occurred on the Equatorial Front 
(CZ) independently of easterly waves, westerly 
troughs, or any other apparent phenomena. 
Their movement was from east. to west, but the 
rate was not known due to the difficulty in 
locating them prior to their arrival at a station. 
It was probable that their movement was 4° 
te 6° (240.to.360 miles) per day the same as 
easterly waves, although no evidence existed 
to prove it. 

The chief differences between easterly waves 
and waves on the Equatorial Front (ICZ) were 
the northward extent of the weather and the 
orientation of the cloud patterns. Easterly 
-waves and the accompanying wer‘her lay in 3 
NNE-SSW line for several hundre - miles where- 
as an Equatorial Front (IOZ) wav. and weather 
were limited to an area only a few degrees 
north and south. Those with an Equatorial 
Front wave lay as a long east-west line of heavy 
cumulus to the south of the station for several 
hours, and then the line moved northward over 
the station with the passage of the wave. In 
addition to the heavy cumulus, the Equatorial 
Front waves brought heavy showers and broken 
to overcast layers of middle and high clouds. 
A typical Fquatorial Front wave pagsed over 
Kwajalein during the latter part of the afternoon 
of June 30, the day before Able Day. Through- 
out the morning and early afternoon a long east- 
west line of heavy cumulus was seen to be 
lying south of Kwajalein. With the passage 
of the wave, the line of clouds and heavy showers 
approached from the southeast. However, the 


6 


north edge of the line did not extend far north 
of Kwajalein, and Bikini was not affected by 
the wave. 

The wind in the lowest ievels shifted to the 


southeast much the seme as with an pamterly % 


wave passage. 
Typheons 


Typhoons are the same type of meteoro- 


logical phenomena as hurricanes except that 
they occur in the Western Pacific whereas 
hurricanes occur in the Caribbean and south- 
westerly North Atiantic. 


Typhoons were important considerations in. 
‘the preparations of the forecasts for Able and 


Baker Days. By a unique coincidence, two 


- different typhoons of about the same intensity 


were located just west of the northern Marianas 
on both of these important days. In each case 
unusually geod weather prevailed i in the Bikini 
and Kwajalein areas. 

As strong northerly and mactuwentat: winds 


at high levels were brought about over the ° 


Marshalls with the development of these 
typhoons, it was thought that widespread 
subsidence occurred 1,400 to 1,800 miles from 
the center of the storms. . The Equatorial Front 
in the vicinity of the Marshalls weakened on 
Baker Day and for a day or two following so that 
it could be detected only with difficulty, if-at 
all. It is understood that deep low pressure 
systems near the Hawaiian Islands also bring 
unusually good weather to the Marshalls by the 


_ same process, 


It was further noticed that typhoon develop- 
ment and movement very greatly influenced the 
high-level] circulations over the Marshalis. 

Typhoon formation more than 1,000 miles 
away could frequently be detected by variations 
in the winds at levels of 30,000 ta 50,000 feet, 
a day or two before actual reports were received 
from ships and aircraft. From results already 


observed, it is believed that with a larger 


RAWIN network these high-level effects of 
tropical sterins may be usefully employed to 
predict typhoon or hurricane formation or to 
improve local weather predictions over the tre- 
mendous area affected by the over-all tropical 
storm circulation. 


Sheer Lines 


A shear line is a discontinuity in wind veloci- 
ties which originates as a polar-type cold front 
which pushes into the tropics and loses its cold 
frontal characteristics. The weather associated 
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with it was found to be « broad zone of fairly 
well-developed cumulus, showers and some mid- 
dle type clouds. These were arranged in a 
wide band generally oriented east-west and not 
well delineated. Its movement progressed 


- slowly southward. 


It was vext to impossible to locate and verify 
the existence of a shear line due to the sparse 
network of reporting stations. After a front was 
known to have moved into the tropics, conti- 
Buity was used to carry it forward. Wake was 


“the last station where the time of its passage 


could bs fixed befare it moved into the Marshall 
ares, Consequently, ite arrival or dissipation 
could not be determined. Undoubtedly, air- 
craft reconnaissance could have located the 
shear line while it lay north of the Marshalls, 
but a limited number of reconnuissance planes 
were available, and those were employed much 
more profitably on flights to the east, south, and 
west of the Marshalls, from which direction 
moet of the weather came. Shear lines moved 
into the Marshalls very infrequently—probably 


not ur .~e than two during the 4-month period. 
The pressure and circulation patterns were 
not favoreble for the movements of cold fronts 
or shear lines across the subtropics into lower 
latitudes. 

Surges 

The surges were thought to be a rushing of 
air into the Marshalls from. the region of the 
Pacific high cell. Whether or not the phonome- 
non occurred in conjunction with, or inde-. 
pendently of, shear lines, westerly troughs, and 
easterly waves was not determined. 

No application of the surge phenomenon was 
made to forecasting due to the lack of a surface 
reporting station to the east or east-northeast 
of the Marshalls. Perhaps a much denser net- 
work of surface stations over the regions of the 
Pacific high cell and southward into the tropics 
would have been needed to determine the fore- 
casting value, if any, of the surges. Neither 
was the seasonal aspect of its occurrence in- 
vestigated. , 


FORECASTING FROM VISUAL OBSERVATIONS 


Visual observations of the weather trends 
proved valuable for supplementing the infor- 
mation that was obtainea from the many charts. 
Sometimes it was the key to the proper interpre- 
tation of analyses. On other occosions it showed 
conditions not apparent from other sources, 


No set rules can be given for the application - 
of visusi observations to forecasting. With 
experience, a forecaster comes to associate 
visual phenomena with certain analyses which 
in turn help him decide the forthcoming 


changes. . . a 


_ FORECASTING TECHNIQUES 


Forecasting Winds Aloft 


Winds aloft reports from seven to nine sta- 
tions nearest Bikini were plotted on time cross 
sections, with one cross section serving one 
station for s week. The forecasts were pre- 
pared from this vertical representation of the 
air flow. During April, May, and early June 
forecasts were based mostly on westerly polar 
troughs. Advantage was taken of the known 
characteristics of westerly troughs such as 
veering winds through the base of the westerlies 
with its approach and backing after its passage. 
The fact that the times of passage of major 
troughs regularly averaged about once a week 
was also very helpful. Later in the summer 
the westerly troughs no longer affected the 
Marshalls. and consequently the forecasting 


methods based on them no longer applied. Un-_ 


fortunately no new devices were found that 
were satisfactory. The forecasters relied on 
trends, periods, and erpenene? in the lack. of 
anything better. 

Too often during the summer season the wind 
flows at the surrounding stations could not be 
fitted into any concept of a pressure field. A 
vertical picture of the wind flow at a few sur- 


‘rounding stations was not sufficient for winds 


aloft forecasting. A denser and much wider 
flung’ system of rawin stations was needed in 
order to make possible accurate horizontal 
analyses of the wind flow at numerous levels. 


Forecasting Temperatures Aloft 

Although no satisfactory techniques were 
found, the results of the temperature forecasts 
were accurate since the fluctuations were very 
small. Records of the temperature at the 
significant levels up to 60,000 feet were kept in 
order to determine the mean. It appeared 
that the instrumental errors were larger than 
the actual temperature variations. If advec- 
tion occurred, it was too small to be detectable. 


Forecasts were pace on the normal er mean 


reading. 


Forecasting the Height of the aca 


Little was learned in regard to forecasting 
the height of the tropopause. There were 
intervals of 1 to 3 days when no radiosonde or 
Tawin observation reached to that height. Con- 


sequently, a forecast made under such circum- 
stances was not likely to be accurate. — 

The method used most was a combination of 
forecasting a mean and a tread. Each time 
the tropopause was reached as evidenced by an 
isothermal layer or inversion ‘its height was 
recorded on a chart, and in this way a mean 
height was determined. The range appeared 
to be from 54,000 to 69,000 feet. Ifa recent 
sounding had reached. the tropopause, trend 
was likely to be the best method. If not, the 
mean was forecast. 

In the absence of radiosonde, rawin reports 
could sometimes be utilized. It was necessary 
that the rawin report reach above the tropo- 
pause so that the level of the wind shift frem 
the lower westerlies to the easierlies in the 
stratosphere could be found. Of course the 
method depended on westerly winds existing 
below the tropopause which was not always 
‘the case. 

Forecasting True Altitudes and Frarsure Altitudes 

The nature of the Bikini tests was such that 
some planes were required to fly at certain 
actual or true altitudes. Therefore a request 


was made to eid in determining true altitude - 


from the altimeter reading. It was decided 


' that the information could best be given in the 


form of a true altitude-pressure forecast. 
Four tabulations showing the relationships of 


true altitudes to pressure altitud.s from the 


surface to above 30,000 feet were prepared for 


four conditions of pressure: extremely low, lower 


than average, higher than average, and extremely 
high pressure. Computations of pressure alti- 
tude for all four conditions were based on an 
altimeter setting of 29.92 inches. 


Upon occasions when this type of forecast 


was required, an examination of the radiosonde _ 


reports for the Marshalls arca was made to 
find the pressure conditions. Then, if possible, 
the presgure trends to the highest flight levels 
were determined, and one of the four tabula~ 
tions of true altitude versus pressure altitude 
was selected as a forecast. 


Good results were obtained from this method 


‘due to the slowly changing conditions in the 


tropics. 
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CHARTS | 
, _ INTRODUCTION 


The weather data received was utilized in the 


_ construction of many types of charts. The 


following is a list of those prepared: 


Surface map. 

Weather reconnaissance. 
960-millibar streamline-convergence. 
750-millibar streamline-convergence. 
Weather distribution. ° 

Height moist layer. 

960-millibar mixing ratio. 
750-millibar mixing ratio. 

Delta Theta E (49e). 

750-millibar lift chart. 

960-millibar lift chart. 
960-millibar altimeter correction. 
Adiabatic diagram. 

Wind time cross-sections. 


Moisture-altimeter correction time cross- - 


section. ; 
Space cross-section. 
Daily climatology graph. 
Weekly climatology graph. 
Average pressure-weather correlation chart. 


A brief summary for each of the charts has 
been written showing its construction and use. 


The Surface Weather Map 


The surface map was prepared upon a chart 
of all the North Pacific Ocean, the South 
Pacific from the Equator to 10°S., eastern parts 
of China and Siberia, Alaska, western Canada, 
and tho western United States... 

On it was entered surface obs . vations from 
land and ship stations, winds aleft; and aircraft 
reports. Three hourly reports were plotted 
adjacent to the synoptic reports and labeled 
with the time of observation. Transient air- 
craft reports when available were used to fill the 
vacant spaces. However, even with the best 
coverages, vast areas lacked reports. 

Available data was analyzed to locate 
pressure centers, isobars, fronts, shear lines, the 
Equatorial Front, easterly waves, westerly 
troughs, and typhoons. A special emphasis 
was made to follow continuity in the analyses. 

The region north of 30° N. was extremely 
difficult to analyze due to lack of data. The 
systems entered there were based on continuity 
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_ and conjecture. To the south of 30° N. more 


data were available, but it was so sparse that 
many analyses were questionable. 

The principle value of the surface chart was 
the genere ed weather picture which it gave. 


‘When usea alone it could contribute little 


toward the preparation of the exacting forecasts 
of the CROSSROADS Operation except when a’ 
distant typhoon was influencing the weather in 
the Marshalls area. Otherwise the weather 
distribution charts and weather reconnaissance 
charts largely supplanted the surface weather 
chart. 


Weather Reconnaissance Chart 
Army weather reconnaissance aircraft cov- 


‘ered the area to the east and southeast of 


Bikini, while the Navy covered the area to the 
south, southwest, and west. Observations were 
usually taken at 30-minute intervals and radioed 
to the ground station on Kwajalein for delivery 


- to the weather central. Ascents and descents 


(APOBS) were made at specified points along 
the route for the purpose of taking pressure, 


temperature, and relative humidity readings. 


Standard flight altitudes were’ at the 960 and 
750 millibar levels. APOB ascents were taken 
to as high as 350 millibars. 

Reports were plotted upon a large scale map 
immediately after receipt at the weather cen- 
tral. APOBS were entered on adiabatic charts. 

The weather reconnaissance chart was used 
mostly for reference and carried no analysis,. 
but some of its. data was transcribed to other 
charts which were analyzed for forecasting. 


960-millibar Streamline Chart 


The 960-millibar streamline chart carried an 
analysis of streamlines, lines of equal wind 
velocity (isovels), areas of convergence and 
divergence, and the Equatorial Front. 

The streamlines lay parallel to and oriented 
with the wind direction, while the isovels con- 
nected the points having equal wind velocities. 
An area of convergence was marked by converg- 
ing streamlines and decreasing values of the 
isovels. The reverse was true of divergent 
areas. 

The chart ranked as one of the most useful 
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prepared because it offered a reasonable expla- 


nation of current weather conditions, and a fair 
degree of accuracy in their extrepolation. 


130-maillibar Streamline Chart 


Construction and analysis of the 7 50-millibar 
streamline chart was very similar to that of the 
960-millibar. 

Areas of convergence aad divergence on the 
two charts did not noceasarily. coincide. Posi- 
tions of the Equatorial Front usually did not 
coincide because of its slope. 

What was reported about the value of the 
960-millibar chart may be repeated for she 750- 
millibar chart. 


Weather Distribution Chart 


The weather distribution chart showed radar 
fixes of weather phenomena; precipitation 
areas; and types, amounts, and tops of clouds 
“at each point of observation by the weather 
reconnaissance aircraft. 

The chart provided a simplified picture of 
the weather end aided in locating the Equa- 
_ torial Front. 


Height Moist Layer 


Contour lines ‘based upon APOB and radio- 
sonde data together with altitudes of cumulus 
cloud tops were drawn to determine the height 
of the lowest moist layer. This was usually 
found to range from 5,000 feet upward. Regions 
of greatest instability had the deepest moist 
layer and most cloudiness. Those regions 
where the moisture was confined to. the lower 
few thousand feet were characterized by least 
- cloudiness. The Equatorial Front coincided 
with the highest contour lines. 

One function of the chart was the substantia- 
tion of analyses. Simple extrapolation of its 
contour patterns was helpful in forecasting. 


960-millibar Mixing Ratic* 


The mixing ratio values at each divecatt and’ 


radiosonde observation point were plotted and 
isolines drawn. 

This chart was of little help as a forecasting 
tool. The 960-millibar level was near the base 
of the convective type cumulus clouds, and 
vertical mixing was always present to that 
level regardless of the synoptic situation. The. 


moisture patterns did not always agree with: 


the weather conditions, arid difficulty was found 
in extrapolating the patterns. 
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750-millibar Mixing Ratio* 


Construction of the 750-millibar chart was 
the same as that of the 960-millibar chart. How- 


' ever, its patterns corresponded with the general 


weather conditions, since the 750-millibar level 
was above the top of the normal convective 

The principal use of the chart was as an 
analysis aid. Not much use was made of it 
for forecasting, although it was better than the 
960-millibar mixing ratio chart. 


Ge Chart | 
Values of the equivalent potential tempera- 


. ture (8e) for points on the 960-millibar and 


750-millibar surfaces were determined and 
plotted on the same chart. An individual set 
of isolines were drawn for the two levels. Then 


isolines for the difference in value of the equiv-. 


alent potential temperature (AGe) between the 
two levels were drawn by the intersection 
method. The Age lines were later traced on a 
bland chart. 

The areas of greatest convective instability 
were marked. by the largest AOe values. 
Good weather and least cloudiness, especially 
middle cloudiness, showed direct correlation 
with large 50e values. The Equatorial Front 
(ICZ) and other regions of cloudiness and 
precipitation corresponded to the regions of 
small A@e. 

The patterns of A@e lines agreed for the most 


part with those on the other types of moisture | 


charts. Little direct forecasting value was 
found for the chart. 


960- and 756-millibar Lift Charts 


The lift in terms of millibars of pressure 
required to bring the air to saturation for 
the two levels was determined and plotted on 
separate charts. Analysis was entered. - 

No pravtical use was found for the charts 
and their construction. was dropped. The 
same information in different form was avail- 
able on the other moisture charts. 


960-millibar Aliimeter Correction Chart 


This chart was prepared for several weeks, 
but was discontinued since the features of 
the chart could not be successfully correlated 
with the actual weather, 


*Mixing ratio is defined as the grams of water vapor 
per 1,000 grams of dry air. 


Adiabatic Charts 

Adiabatic charts (temperature - pressure- 
height diagram) proved valuable as a source 
'. for several types of information. Temperatures, 


| “> fresaing levels, lapee rates, moisture content, 


and height. of the stratosphere were read di- 


3 rectly. Moisture-altimeter time cross sections 


‘wera prepared from data taken from the adia- 
' batic charts. No forecasting was done directly 


The sireratt temperature-humidity soundings 
were also plotted on adiabatic charts, and the 
_ fame use was made of them as of the radiosonde 
reports. 


Winds Aloft Time Cruss Sections 

The wind aloft reports for all levels from 8 to 
10 stations nearest Bikini were plotted on 
charts having time as the abscissa and altitude 
as the ordinate. Surface observations were 
plotted along the abscissa. Winds aloft fore- 
‘casts for bombing and radiological safety were 
prepared from this chart. Its other use was 
as a valuable aid in analysis. It was von- 
sidered a very valuable chart for this pee 


operation. 
Moisture-Altimeter Correction Time Cross ae 
"A chart for each of five radiosonde stations 


surrounding Bikini was prepaved showing time 


along the abscissa and relative humidity, altim- 
eter correction, and’ temperature along the 
ordinate. The relative humidity pattern was 
analyzed to show the vertical distribution of 
moisture which was the only practical use of 
‘the chart.‘ Altimeter correction lines were 
entered, but their significance, if any, was never 
determined. Isotherms were not drawn since 
the temperature fluctuations were so small that 
no use could be made of them. 


-weather trends. 


ais Cross Sections 

Ali types of weather reports, both surface 
and upper air, from Guam to 180° longitude 
were plotted on a chart with distance along the 
abscissa and height along the ordinate. No 
analyses were entered due to the scarcity of 
data, and no value was derived from the chart. 
A north-south cross section was plotted for a 
short time, but it was dropped due to lack of 
data. 


Climatological Records and Graphs 

Data from the Kwajalein daily observation 
records were tabulated to show maximum, 
minimum, and average conditions for 3-hour 
pericds throughout the day. Information in- 
cluded base of the westerlies, altitude of the 
north edge of the Equatorial Front at 168° E., 
top of the moist layers of air, relative humidity, 
maaximum and minimum for both dry and wet 
bulb temperature, the direction, average and 


maximum velocity of the surface wind, 24-hour 


pressure changes, type and amount of precipi- 
tation, passage of easterly waves, and the 
amounts of low, middle, and high cloudiness. 
The data was summarized weekly. Rolls of 
cross section paper were prepared to show the 
data graphically. 
The graphs were useful to give a picture of 
They were not found to be of 
forecasting value. 


Average Pressure Curves—Weather Corielation 
Chart 

The 7- and 15-day average surface pressures 
for Kwajalein and Eniwetok were computed 
and the curves plotted. Cloudiness and pre- 
cipitation amounts were plotted on the same 
charts for correlation purposes. No correla- 
tion or practical uses were found. 
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CHARTS 


Charts Recommended for a Future Operation 


The following charts were the most useful for 
forecasting and are recommended for a similar 
operation in the future: 

Surface map. 

Weather reconnaissance chart. 
950-millibar streamline-convergence. 
750-millibar streainline-convergence. 


 750-millibar relative humidity or mixing 
ratio. 
Adiabatic charts. 
Wind time cross-sections. 
The 750-millibar relative humidity chart, 
although never used, is suggested in place of 
the mixing recio chart. Relative humidity 
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readings can be plotted directly from the air- 
craft report whereas mixing ratios must be 
computed. The temperature and pressure at 
any level are so nearly constant that relative 
humidity varies directly as the mixing ratio. 
Furthermore, relative humidity gives the degree 
of saturation which is more readily used for 
forecasting than a knowledge of the actual 
amount of water vapor. 

Useful charts but secondary i in importance: 

Weather distribution. 

Moisture-altimeter correction time cross- 
section. 

Daily climatology graph. 

The same information is available on the 
weather reconnaissance chart as on the weather 
distribution chart. However, the better pres- 
entation of the information justalies its re- 
plotting. 


‘forecast. 


The vertical distribution of moisture which 
is shown by constructing the moisture-altimeter 


correction time cross-section is also apparent 


from a study of the adiabatic chart.. Changing 
conditions can be studied most conveniently on 
the time cross sections. 


Weather trends are easily followed on daily 


climatological graphs. Some of the important 
elements that should be shown are wind direc- 


. tion and velocity, 24-hour: surface pressure 


changes, amount of low, middle, and high 
cloudiness, and precipitation. A knowledge of 
weather trends and the normal duration of 
weather conditions can be applied successfully 
to forecasting. 

An examination of a few of the charts usually 
ig not enough to formulate the moat accurate 
Best results come by coordinating the 


information on each chart. 
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— "Section ti 
SYNOPSIS OF SURFACE WEATHER C) -.RTS 
INTRODUCTION 


Charts which give the synoptic weather situation on the two dress rehearsal days and the 
two atomic bomb test days have been included. The first rehearsal day, known as “Queen 
Day,” was held June 24. This was followed on July 1 by “Able Day,” the first of the test days. 


“William. Day,” another rehearsal day, came on July 19. “Baker Day,” the second test 


day, followed on July 25. 
Some meteorological terms used in the discussion may not be entirely familiar to the 
reader. High- and low-pressure centers and cold fronts are most self-explanatory. 

The term shear line is not so commonly used. On the maps in this series, some cold fronts 
have pushed into the tropics and lost their properties as such. It is those modifi d por- 
tions of the cold fronts that are referred to as shear lines. They are usually located along 
a discontinuity in wind velocities. 

The Equatorial Front (ICZ) is best described as the line along which the wind flows 
of the northern and southern hemispheres meet. The Intertropical Front is a term frequently 
appliod to the.same phenomenon. 

Easterly waves occur as weak pressure troughs emanating from perturbations of the 
Equatorial Front (ICZ) and: extend several hundred miles to the north or northeast. 
Principal indices used in placing them are wind shifts from east-northeast to east-southeast 


- and bands of bad weather. 


A typhoon consists of an extremely low pressure area and is characterized by strong winds 
and bad weather conditions. A similar phenomenon occurring in the Atlantic, Caribbean, 
or the Gulf of Mexico is called a hurricane. 

Forecasting methods will be discussed in another section. 
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The surface weather maps of 22, 23, and 24 
- June 1946 for the central Pacific Ocean area 

exhibited four significant features. A high 
pressure ridge associated with a high center 
northeast of Midway Island extended in a 
southwesterly direction along the 30th parallel 
of latitude to about 135° E. A weak cold 
front trailing southwest across the Hawaiian 
Islands ended as a shear line in the vicinity of 
16° N. and 180° W. The Equatorial Front 
(ICZ) east of 180° E. was located along the 3° 
N. line. Its position wes 3° to 6° N. between 
160° and 180° E., while farther west it reached 
7 to9°N. The fourth feature was a series of 
easterly waves lying in & northeasterly line 
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“QUEEN DAY" 
| 23-24 June 1946 


J? 


from northward protuding waves of the Equa- 
torial Front (ICZ). The northern extremities 
of the easterly waves were probably near 15° 
N., and their movement was east to west. 

The only factor that directly affected the 
Bikini weather from 22-24 June was an easterly 
wave. On the 22d this wave lay east of Bikini. 
By the next day it had moved to the Eniwetok 
area, and the band of showers and cloudiness 


following in its wake still covered Bikini. On 


the 24th the disturbance was found farther 
west, and Bikini, coming under the influence of 
a divergent air mass preceding a newly ap- 
proaching wave, had favorable weather con- 
ditions, 
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“ABLE DAY" 


$930 June, 1-2 July 


The series of surface weather charts for the 


' mid-Pacific from 29 June through 2 July indi- 
cated three meteorological features. A weak 
polar front and associated low pressure center 
had no effect south of 30° N. Likewise the 
Pacific high cell was too far north and east to 
have any effect. The Equatorial Front (ICZ) 
which stretched generally east-west across the 
map remained. well to the south of Bikini 


throughout the period. A typboon occupied. 


the area west and north of Guam. 
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A low pressure center appeared on the map 


of June 29 at 13° N. and 139° E. ‘By the next 


day, it had attained the intensity of a typhoon 
and moved about 1° north. The storm further 
inteusified and bégan moving toward the NNE 
during the ist and 2d of July. On the 2d, its 
center was at 24° N. and 144° BE, ~ 

The fine weather at Bikini was attributed to a 


widespread sypsidence of the air mass which - 


resulted from ‘the outflow at high levels above 
the typhoon. : , 
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“WILLIAM DAY" 
98-19 July 1946 


The weather map of July 18 showed the 
usual pressure pattern of the Pacific high cell. 
Its center was elongated along the 40th° 
parallel of latituds, and a high pressure ridge 
reached southwestward to the southernmost 
Japanese islands. A low with its center west 
or northwest of Truk covered the Caroline 
Islands. The Equatorial Front lay west- 
northwest—cast-southeast through the Mar- 


shall Islands and slightly south of Kwajalein 


and Majuro. 


On the 19th the low previously located over 


.the Marshall Islands. 


TARE, NRL, AON SRE A I 
etcetera meme PR ARREARS RE CT RES ST PWM: gee 


the Caroiines was found between Yap and 
Guam. Its center hed moved to approximately 
11° N. and 141° BE. The other significant 
change was the position of the Equatorial Front 
(ICZ) which had progressed northward across 
Bikini and Eniwetok 
were situated within its northern boundary: 


Both Kwajalein and Majuro were outside and 


south of the zone. 

The showers and heavy cloudiness at Bikini 
on the 19th were caused by the Equatorial 
Front (CZ). 
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es a “BAKER. DAY" 
23-24-25 July 1946 


The Pacific high cell on “Baker” and the two -- 


previous days was centered well to the north 
and northeast of the Hawaiian Islands. The 
principal features within the mid-Pacific area 
were a typhoon northeast of Guam and the 
Equatoriel Front (ICZ) across the Marshalls. 

On the 23d a low pressure at 17° N. and 145° 
E. was deepening. The same day the analysis 


of the Equatorial Front (ICZ) indicated a weak. 


northward bulge.in its configuration across the 
southern Marshalls. Kwajalein and Majuro 
were north of but close to its edge. The Equa- 
torial Front (ICZ) was not entered west of 158° 
E. because it was considered unlikely to exist in 
the cyclonic circulation around the low. 

The Equatorial Front (ICZ) brought rain and 
heavy cloudiness to Kwajalein on the 23d. 
However, Bikini was too far north to be 
affected. 


The analysis on the 24th placed a typhoon at 
18° N. and 142° E., the result of the intensifica-_ 


tion of the low. The bulge on the Equatorial 
Front (ICZ) hed pushed northward to cover 


. Bikini, but Eniwetok was placed along its 


northern edge. Kwajalein, with greatly im- 
proved weather, and Majuro were both to its 
south. 

Bikini experienced showers and cloudiness 
on the 24th much as Kwajalein had on the 
previous day. 

On “Baker Day’ July 25, the typhoon center 
was placed at 22° N. and 140° E. The Eque- 
torial Front (ICZ) had continued its northward 
movement, leaving Bikini in the sector of good 
weather to its south. 

The map of July 25 was analyzed to show a 
break in the Equatorial Front (ICZ) along 
170° E. This decision was the result of a 
careful study of aircraft weather reconnaissance 
reports which revealed good weather conditions 
and the lack of consistently converging winds 
over the area. 
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~ Section tt ~~ 
. (Observational Date) 
_ EXPLANATION OF SURFACE OBSERVATIONS 


1. Weather Station Obseivational Data Included: 

On the following pages are recorded surface 
weather observational data pertinent to the 
CROSSROADS Operation. In order that a 
representative picture of the meteorological 
situation over the entire operational area may 
be reconstructed, surface data from the follow- 


ing stations have been included: 
Bikini 


Eniwetok. 

Kwajaleia. 

Majuro. 

Tarawa. 

Wake. . 

Bird Dog 3 (Weather Ship 12°45’ N,, 
180°00’). 

Bird Dog 4 (Weather Ship 12°00’ N., 
153°40’ E.). 


2. Observational Time of Surface Data Selected: 


Immediately following this explanation of 
the surface observations is given all hourly sur- 
face data for Bikini on Queen, Able, William, 
and Baker Days. Then, all available 3-hourly 
observational data obtained during the months 
of June and July 1946 at the stations listed 
above is presented. Times of these 3-hourly 
observations are normally 0000, 0300, 0600, 
0900, 1200, 1500, 1800 and 2100 G. C. T.; but 
if the observation station was required to 


' tranamit its report, the time of observation was 


advanced one-half hour to allow for encoding 
and transmission. 


3. Completeness of Data Presented: 

Ag weather changes occurring between 3- 
hourly observations are not shown adequately 
by the customary manner of recording thcse 
observations, supplementary remarks regard- 


ing the occurrence of weather in the interven- 


ing hours has been added in this compilation. 
Precipitation was not measured aboard ship 
and was irregularly recorded. by: most of the 
island stations. For these reasons amounts of 
rainfall ere not given. 
Should a more detailed study be desired chai 
is presented bere, hourly data for all stations 
but Tarawa, which made only the 3-hourly 


- observations, is available on the original 


WBAN-1i1 and WBAN 1GA forms from which 
all of these data were extracted. 

The Bird Dog ships were on station irregu- 
larly; this accounts for the missing data from 
those stations. 


4. Details of Weather Elements Recorded: 

Time (Local). 

All times shown are in zone ~—11 except the 
times recorded for Tarawa which are —12. 
For Eniwetok 1400 Local is 0300 G. C. T., but 
for Tarawa 1500 Local would be 0300 G. C. T 

Ceriuine (hundreds of feet). 

The ceiling is defined as the lowest height 
above the ground at which all clouds, at or 
below that level, cover more than one-half of 
the sky. No ceiling is reported when the total 
sky cover is five-tenths or less or when the base 
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of the lowest broken or overcast layer present 


at the atation is higher than 9,750 feet above 
the ground. 

The letters preceding the figure indicating 
the ceiling height i in hundreds of feet bave the 
following meanings: 

M= Ceiling measured by ceiling light 
B= Ceiling determined by a balloon. 
W=Ceiling is indefinite. 
A-=(Qeiling is reported by aircraft. 
E=Ceiling is estimated. 
P= Precipitation prevents an estimation of 
the true cloud base. : 

Sky. 

Ordinarily sky conditions are sores by 
the following symbols: 

O=Clear, no clouds present, or less than 
1/10 of the sky is covered by clouds. 
©®=Scattered, 1/10 to an even 5/10 of the 
’ gky, inclusive, is covered by clouds. 
®=:Broken, more than 5/10 to an even 
$/10 of the sky is covered by clouds. 
®=More than 9/10 of the sky is covered 
by. clouds. 

Because of printing difficulties these symbols 
have :-been replaced by “C," “‘S,’' “B, " and 
_ “O,’ respectively. 

A slant line (/) is used to indicate high eloudi- 
ness above 9,750 feet. All clouds above that 
level are recorded in ‘this column as if they 
were ¢ single sheet. ‘‘S/,”’ “B/,” and ‘O/” 
mean jiigh: scattered, high broken-and high over- 
cast, respectively. 

Several layers of clouds are reported as follows: 

SS=Scattered, lower scattered. 

S/S=High scattered, lower scattered. 
BS=Broken, lower scattered. 

B/S=High broken, lower scattered. 

SB=Scattered, lower broken. 
S/B=High scattered, lower broken. 
BB=Broken, lower broken. 
B/B=High broken, lower broken. 

OS=Overcast, lower scattered. 

O/S=High overcast, lower scattered. 

OB=Overcast, lower broken. 

0/B=High overcast, lower broken. 

The symbols “—” and “+-” mean tin and 
dark, respectively. “—B" would mean thin 
broken and “+0” would mean & dark. (or tick) 
overcast, 

Visisiuity (miles). 
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This figure is 9 visual estimate of horizontal 


vicibility in miles. Island stations recorded 


visibility in statute miles whereas ship stations 
recorded visibili*y in nautice! miles. In either 
case, measurements of visibility were very 
coerse as the horizon was most frequently the 
only reference from which visibility could be 
determined. 
WeratTHeEr. 
The symbols used in describing tropical 
weather are given below: 
T=='Thunderstorm. 
T-+.=: Heavy thunderstorm. 
R—-==Light rain. 
R=Moderate rain. 
R+=Heavy rain. 
RW— = Light rain shower. 
RW= Moderate rain shower. 
RW+=Heavy rain shower. 
RQ— =Light rain squall. 
RQ=Mederate rain squall. 
RQ+ = Heavy rain squall. 
H=Dry haze. 
F—=Light fog. 
F=Fog. 
Sua Lever Pressure (add 1,000 millibars). 
The figure 09.6 represents 1009.6 millibars. 
Care should be used in basing accurate calcu- 
lations on these figures. Although they are the 
best obtainable, the results listed may be in 
error from 1 to 2 millibars because of faulty 


. station barometers. 


Temperature (°F.).. 


This is the free air temperature taken in a- 


standard instrument shelter. Daytime tem- 
peratures, particularly aboard ship, were con- 
siderably affected hy solar radiation. With 


. the afternoon sun shining against tl.. side of 


the ship on which the shelter was mounted, 
temperatures are likely to be vecorded 5° or 
more too high. ~ 

Dew Pornr (°F.). 


See the above remarks regarding the exposure _ 


of thermometers. 
Wino Drgecrion. ' 
This is the wind direction at the instant of 
observation and is not an average direction. 
Wino Veruociry. 
This value is given in knots for sbip stations 


and in miles per hour for land stations. A 
minus sign (—) is used tu indicate fresh gusta 


and @ plus sign (++) is used to indicate strong 
guste. 

Prsssorns Tenvrncy. 

This figure is derived from the trace of the 
barograph and describes the behavior of the 
barograph pen during the past 3 hours. The 
figures have the following meanings: 


(Pressure higher than, or the same as 3 
hours ago) 


Ow Rising, then falling. 
i=Rising, ‘then steady; or rising, shen 
rising more slowly. 
2 Unsteadily rising, or unsteady. 
3= Rising steadily, or steady. 
. 4=Falling or steady, then rising; or rising, 
then rising more rapidly. 


(Pressure lower than 3 hours 0) 


5=Falling, then rising. 
6=Falling, then steady; ‘or falling, then 
falling more slowly. 
7: Falling unsteadily. 
P22 Falling steadily. 
9=Steady, or rising, then falling: or fall- 
ing, then falling more rapidly. 


Nutr 3-Hovur Pressure CHANGE. 
This figure is in millibars and tentbs of milli- 


_ bars. Whether this value is plus or minus 


must be determined frora the pressure tendency 


Amount Low Croup. 

Amount in tenths of low cloud entered in 
following column. Additional amounts of other 
low clouds are entered in the remarks. 

Tyex or Low Croup. 

These abbreviations give the predominant 
form of low cloud. The m->x~ing of the 
abbreviations are as follows: 


(Low Clouds) 

Se=Stratocumulus. 

St= Stratus. 

Fs=Fractostratus. 
Cu==Cumulus. 
Fe=Fractocumulus. 
Cb-=Cumulonimbus. 
Cm-==Cumulonimbus mammatus. 

Hxreat Low Croup. 


Height ebove surface is given in hundreds of 


feet. 


Amount Mippie Croup. 

Amount in tenths of middle cloud entered in 
following column. Additional amounts of other 
middle cloud are enteredin theremarks. Note.— 
Some iastructions state that the tctal amounts 
of low, middle, and high clouds cannot exceed 
10/16. Such instructions state that an over- 
cast of middle clouds with 3/10 of low clouds 
must be reported as 7/10 middle clouds rather 
than 10/10 middle ciouds, Later instructions 
state the same condition should be recorded as 
3/10 low clouds and 10/10 middle clouds, 
making a total of 13/10 total sky cover. In 
preparing these records for printing it was 
thought unwise to change the observers’ 
original figures as no satisfactory estimate can 
be made of the amounts of the cloud layers 
except as reported. 

Types Mippus Croup. 

These abbreviations give the predominant 
form of middle cloud. The meanings of the 
abbreviations are as folluws: 


(Middle Clouds) | 
Ac= Altocumulus. 
Acc=Altocumulus castellatus. 
As= Altostratus. 


Heicut or Mippie Croup. 

Height above surface is given in hundreds of 
feet. “140” is 14,000 feet. Such heights are 
almost always estimated. 

Amount Hice Crown. 

See explanation of Amounr Mipp._e Croup 
above. Some observers recorded 10/10 high 
clouds, 3/10 middle clouds and 3/10 low clouds 
for @ particular sky condition whereas others 
following existing instructions would record 
the same situation as 4/10 high clouds, 3/10 
middle clouds and 3/10 low clouds in order 
that the total amount of clouds would not 
exceed 10/10. Again these figures are pre- 
sented just as recorded. 

Trrz Hiew Croup. 

These abbreviations give the predominant 
form of low cloud. The meanings are as 
follows: 


Ww 


(High Cloud) 

Ci= Cirrus. 
Cs=Cirrostratus. 
Cc=Cirrocumulus. 


i) 


5. Abbreviations Used in Remarks a Mi. 0.23232 MILES. ° 
Ac AL : 


conta ee TOCUMULUS. N..-.----.- NORTH 
As......... ALTOSTRATUS. NE.......- NORTHEAST. 
Eon BEGAN. NW....._.. NORTHWEST. : © 
BINOVC... BREAKS-IN-OVERCAST. OBSTN._.. OBSTRUCTION, 
BRES...... ‘BREAKS. CONL...... OCCASIONAL. 
CBee cc CUMULONIMBUS. OVC__...-. OVERCAST. _ 
Ca op CIRROCUMULUS.. PRECIP... PRECIPITATION. 
CLD.......CLOUD. ~~ QUADS... QUADRANTS. 
Cu_..-.--.- CJMULUS. = — R......... RAIN 
DSTNT.... DISTANT. RDONG.... REDUCING. 
E.......... EAST. RW.......- RAIN SHOWERS. 
ees ENDED. : Cee STRATOCUMULUS. 
EST........ ESTIMATED. SCTD...._.- SCATTERED, 
ers FRACTOCUMULUS. a ee SOUTHEAST. 
HI......-.. HIGH. Aen SLIGHT ; 
HND_...... HUNDRED a eee SQUALL. . 
_ VY... HEAVY. SW....-_-. SOUTHWEST. 
INTMT.... INTERMITVENT. VSBY..._.. VISIBILITY. 
LGT...._.. LIGHT. : ee WEST. 
LTNG..... LJGHTNING. | oa, — (inv). LIGHT. 
\ 4 
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EXPLANATION OF UPPER WIND OBSERVATIONS 


1. Upper Wind Data Included: 

On the following pages are recorded all upper 
wind data from the same eight representative 
atations listed under the compilation of surface 
data. It should be noted that upper wind 
data for the Bikini area was obtained by the 
following ships, the Mount McKinley, the Fall 
River, the Saidor and the Shangri La. When 
more than one of these ships made an upper 
wind sounding at the same time, the longest 


sounding has been included for that particular 


time. The ships making the Bikini soundings 
are indicated by a notation on the upper wind 
obeervational records. 


2. Observational Time of Upper Wind Data: 

Following existing instructions for the Pacific 
area upper wind observations were made as 
near to 0400, 1000, 1600, and 2200 G. C. T. 
as practicable. At Bikini on special days, 
upper wind operations were also made at the 
intervening 3-hourly periods so that a total of 
eight soundings were available. With all 
stations operating, the upper wind observational 
schedule for the CROSSROADS Operation 
was as follows: 


Wake. ....... 4 RAWINS daily. 
Eniwetok . ._.. 4 RAWINS daily. 
Tarawa..._... 4 RAWINS daily. 
Majuro....... 4 PIBALS daily. 
Kwajelein..... 4 RAWINS daily. 
Marcus... ...- 4 RAWINS daily. 
WeatherShips 1 RAWIN, 1 PIBAL daily. 
3 and 4. 


Bikini (Fall 4RAWINS daily (8 
River). RAWINS on special 

days, Saidor end 

Shangri La assisting). 


3. Completeness of Data Presented: 

Although upper wind observations were 
sometimes missed because of operational 
difficulties, this compilation contains the most 
intense and highest upper wind observations 
for the tropics now available. 

It is suspected that radar altitudes are some- 
times 500 to 1,000 feet, or more, in error at 
higher levels. Caution should be used when 
determining the wind direction or velocity 
from this date for true altitudes. 


4. Details of Upper Wind Observations: 

ALTITUDE. 

Altitude in thousands of feet. 

True (local). 

‘Phin’ timna’ ‘tha sat tha algae a ha 
balloon plus 20 minutes unless the length of the 
sounding was less than 20 minutes. In the 


latter instance the time is the actual length of | 


the sounding. 
ddvv. 


dd—The true wind direction coded to 36 


points, in which 09 is an east wind, 18 « south 
wind, 27 s west wind and 36 a north wind. 
Calm is coded by the figures “00.” 

vv—Wind velocity in knota. 
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EXPLANATIO/:! OF UPPER AIR OBSERVATIONS 


1. Upper Als Observational Data Included: 
On the following pages are recorded all avail- 


‘ able upper air temperature, humidity and 
* presaure data pertinent to the CROSSROADS 


Operation. Stations making radiceonde obser- 
vations twice daily were: 
U. 8. S. Shangri La (mapeuvering near 
Bikini). 
Kwajalein. 


Majuro. 

Bird, Dog 3 (weather ship 12°43’ N., 
180°00’). , 

Bird Dog 4 (weather ship 12°00’ N., 
153°40’). : 


Weather reconnaissance aircraft usually made 
aeveral soundings during their patrols. These 
were made usually over Bikini, near the outer 
extremities of their flight paths and over 
Kwajalein. 

Because of radio interference from other 
broadcast channels near the frequency avail- 
able for radiosonde reception, no radiosonde 
data for Bikini were obtained except that re- 
corded by the U. S. S. Shangri La when sho 
was in the Bikini Lagoon, 


@, Details of Weather Elements Recorded: 


Radioswonde reports are divided into two 
parts; the standard or basic section which is 
transmitted first; then, into the significant point 
section which follows the basic section in the 
coded radiosonde message. The basic section, 
or “mandatory level” section, consists of data 
for standard levels which are always trans- 
mitted, and the “significant point’’ section 
consista of data for other levels at which sig- 
nificant changes in temperaturé and humidity 


124000 O ~ 47 - 13 


occur. If it is desired to plot a complete 
sounding, it will be necessary to plot both the 
points for the mandatory levels, as well as 
those for significant levels. 

Time (Local). 


All times are in —11 except the times re- 
corded for Tarawa which are —i2. Normally 
radiosonde observations are made at 0400 
G. C. T, and 1600 G. C. T. 


Mandatory Levels 


Symbol Meaning 

PPP....-.. Pressure at surface, whole 

millibars (1012 millibars is 
written 012). 

i See Temperature whole degrees 
C. 

0) 6 eens Relative humidity, whole 
percent. 

bhh.-.._... Altitude in tens of feet. 

Uesseleuees Relative humidity (%) as 

follows: 


WWsesercexe Mixing ratio in units and 
tenths of grams. If the 
mixing ratio is greater 
than 10 grams, the tens 
digit is omitted from the 
coding. 
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Significant Points 3. Alreraft Soundings 
Symbol Meaning Symbol Meaning 
Mita he rs se2 These symbols represent Qe escudes as Octant of globe. The figure 
either the number of the 2 indicates the northern 
level or the height of the hemisphere between 90E : 
level in hundreds of feet. and 180° longitude. The 
If the number of the level is figure 7 indicates the 
given it is written as 11 for southern hemisphere be- 
the first level, 22 for the tween the same meridians. 
second, 33 for the third, All reports occur within 
etc. The tenth level would these zones. 
be 00, the eleventh 11, the b A Pgeeepeeiarse Degrees and tenths of lati- 
twelfth 22, etc. If the tude. 
level is given in hundreds ° || eRe aeee Degrees and tenths of longi- 
of feet, it will be necessary tude. 
to check the pressure : ‘ Po aa 
group. in order to deter- _ cca (oeal)- ear a a hs pia '?) 
{ mine the height in thoue 9 9° "7777-77" eOPer Saree Seerece 
sands of feet. C. 
All other symbols have the same meanings UU s2-2e5e2 Relative humidity. in whole 
as above. : percent. 
. 
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EXPLANATION OF AIRCRAFT WEATHER REPORTS 


1. Alreraft Weather Data Included: : 

On the following pages are recorded all air- 
craft weather data recorded by Army and Navy 
aircraft while patrolling for the CROSS- 
ROADS Operation. The tract of the Army 
Weather Reconnaissance at all times and that 
of the Navy during the tost day periods wes 
controlled by the CROSSROADS Weather 
Central.: In general, the Army covered the 
area to the east and south of Bikini, and the 
Navy covered the area to the south and west. 
The exact course was decided ipon beforehand 

‘ from a study of the synoptic weather conditions. 
Efforts were made to send the planes over an 
area where the critical conditions existed for 
shaping the subsequent Bikini weather. 

Complete observations were taken at 30 
minute intervals unless otherwise instructed. 
Flight ievels were at 960 millibars and 750 
millibars. At positions predetermined by the 
weather central, the planes changed flight levels 
in order to take soundings of temperature and 
‘relative humidity. Standard procedure called 
for taking a sounding over Bikini, but the posi- 
tions of other soundings depended upon the 

' synoptic weather pattern. Soundings were 

taken to as high as 350 millibars on some occa- 
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sions. The observational and sounding data 


was radioed immediately to the ground station 


on Kwajalein for delivery to the weather 
central, 

A camera was carried on cach mission for 
taking pictures of significant weather phenom- 
ena. Selection of the phenomena was left to 
the discretion of the observer. 

Radar fixes of weather disturbances were 
entered on a map while en route in such a man- 
ner as to show position, size, and intensity. 
Inflight cross-sections of weather encountered 
were prepared during some missions, Both 
charts were delivered to the weather central at 
the end of the flight. 

The final duty of the mission for an observer 
was to report to tle. weather central imme- 
diately after landing and give a verbal descrip- 
tion of conditions encountered. His state- 
ments and reports were the basis of the weather 
summary which was transmitted over the tele- 
type network. All weather reports received 
from the plane while in flight were transmitted 
previously. ws 

Records, charts, forms, and instructions 
used on the flight were assombled and filed in 
individual folders. 


49010834 
; 1-379 
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2. Details of Aircraft Weather Reports: 
Meaning 


+ Symbol 
. Qescpeceass Giobe octant: 

; é D4 . 2—Northern Hemisphere 

ie: : _ . from 90E to 180. 
7-~Southern Hemisphere 

j from 90E to 180. 
a cueeaes Latitude degrees and tenths. 
easense ~ Longitudedegreesand tenths. 

J 


Toc Time is —11 zone time in . 


bours and minutes. 


) | en Altitude in thousands of feet 
above sea level. 


fs Seuamedas Flight conditions: 
0—Contact flight at all 
levels. 
1—Contact flight below 
clouds, 
2—On top (above clouds). 


3—Betwoen layers not on 
instruments. . 


4—Between lsyers on in-. 


strumenta, 
§—Avoiding clouds. 
6—In and out of clouds, 
on instruments 25 
percent of time. 
7—In and out. of clouds, 
on instruments 50 
percent of time. 
8—-In and out of clouds, 
on instruments 75 
percent of time. 
9—Continuous instrument 
flight in clouds. 
bE Ca Horizontal visibility: 
0O—Under 50 yards. 
‘ 1—Under 200 yards. 

QO Ba 2—Under 500 yards. 
4—Under 1 nautical mile. 
$—Under 2 nautical miles. 
6—Under 5 nautical miles. 
7—Under 10 nautical miles. 

_ 8&—Under30 nautical miles. 
9—30 nautical miles or 
over, 

Want. setess Present weather, past weath- 


er: 
0—Clear (no cloud). 
i—Paritly cloudy. 
QO ; 2—Continuous layer(s) of 
cloud. 
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Symbol Meaning 
3—Sand storm, duststorm, 
storm of drifting 
snow. 
4—Fog or thick dust haze. 
-§—Drizzle. 
6—Rain. 
7~-Snow. 
&—Showers. 
: 9—Thunderstorm. 
Miccwectoss Remarks on phenomena re- 
+ ported on by w: 
0—No remarks. 
Meri — it- 
3—Heavy ; 
4—Light 
§—-Moderate 
6—Heavy 
7—With rain. 
8—-With snow. 
9— With hail. 
| See ee Turbulence. 
O—None. 

. 1—Light intermittent. 
2—Light continuous. 
3—Moderate intermittent. 

»4—Moderate continuous. 
5—Severe intermittent. 
6—Severe coniinuous. 

WW dictoveins Past weather: 
(See table for presont 
weather.) 
Mi 2evcceo. Remarks on phenomena re- 
ported on by W: 
(See table for “‘m.”’) 
1 eee How wind determined: 
0—Estimation. 
1—Not used. 
2—Not used. 
3—Wind lane and agate 
drift. 
4—Celestial fixes. 
5—Radio fixes, 
6—Loran. 
7—Multiple drift or recip- 
Tocal course and 
ground fixes. 
8—-Visual fixes. 
9-—Radar, or air position 
indicator with wind 
finding attachment 
and ground fix. 


Continuous. 
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Symbol | Meaning | . Symbol Meaning 


Ch, eee “Wind direction in tens of La Significant weather changes: 
degrees. Add 50. for O—No change. 
speeds over $9 knots. 1—Marked wind shift. 
WVesssi asus Wind speed in knots. : 2—Beginning or end of 
Pirsecn eh! Indicator. marked turbulence. 
| ee epee Number of cloud layers 3—Marked vemperature: 
my change (not with alti- 
reported. tude). 
x RO gee ee Cloud amount in layers (as- ee begins or 

a Ne ose. ee: | Change in cloud bank 

“On. n2n-2-- Cloud type * 

a 1—Cirrus. a Tog be bank bevits or 
2—Cirrostratus. 2 ends. 
3—Cirrocumulus. ee Warm front. 

4— Altostratus. s &—Cold front. 

\ 5—Altostratus (thin). 9—Ftont, type not speci- 
6—Stratocumulus. fied. 
7—Nimbostratus or alto- | Ee ee Time of W;,: 

stratus. 0—No report. 
imei or fractocu- yee 1—10 minutes before 
mulus. reaching the poeition 
9—Cumulonimbus. aL oe 
0—Stratus or fracto- 2—20 minutes before 
stratus. reaching the position 
Height of base: LUL, 111. 
00—Zero or less than 50 3-30 minutes before | 
- feet. -— reaching the position 
01—100 feet. LLL, 111. 
02—200 feet. 4—40 minutes before 
03-300 feet, etc. reaching the position 
50—5,000 feet. : LLL, 111. 
51—-5,100 feet. - &—50 minutes before 
52—5,200 feet. ’ yeaching the position | 
53—-5,300 feet. , . LLL, 111. 
54—5,400 feet. 6é—1 hour or more before 
55—5,500 feet. reaching the position 
56—6,000 feet. LLL, 111. 
57—7,000 feet. We--------- Weather off course: 
88—8,000 feet, eto. 0-—No report. 
60-—10,000 feet. i—Sigos of hurricane. 
-98—48,000 feet. 2—Uyly, threatening sky. 
99— Unknown. 3—Duststorm or sand- 
Be so cc. Height of top: storm. 
Use same code table as 4—Fog. 
ae | gee aecibidortall 
ct] eid or . 
ok Ratio pie meee | 7—As or Ac-cloud shield 
ne emperature °C. Add 50 for ac bank, 
minus values. 8—Line heavy cumulus. 
1 5) & Sopeeneegmrrrns Relative humidity percent. 9—Cumulonimbus heads 
Be sesasciens Indicator. or thunderstorm. 
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Fn ae haere eee een 


8—North. 


Q—~All directions, no defi- 


nite directions, or un- 
known. 


Pieuenkowes Index pertaining to PPP: 


Q—Surface pressure in 


whole millibars (th-- 


- ousands figure omitt- 
ed), or height of 1,000- 
‘ . millibar surface, tens 
of feet above MSL. 
8—True height(radio altim- 
eter or other meth- 
od) minus height in- 
dicated by pressure 
altimeter set at 1,013 
millibars, tens of feet. 
Thousand or ten 
thousands figure is 
en. omitted. 
PRP occ Pressure data, whole milli- 
G2 2sess2a3s Indicator. 
Dexctevses Direction of surface wind: 
(Table same as for D,) 
Focccn ieee Force of surface wind: 
O-—-Leos than 1 knot. 
1-—1-3 knots. 
2-4-6 knots. 
3--7-10 knots. 
4--11-16 knots. 
5—-17-21 knots. 
6—22-27 knote. 
7—28-33 knots. 
8—34-40 knots. 
O—41-47 knots. 


Symbel Meaning 


eS Ree ner State of ses: 


0—Calm (glassy). 
1—-Smooth (rij. pled). 
2—Slight (wavelets). 
3-—Moderate. 
4—Rough. 
&—Very rough. 
6—High. 
7—Very high. 
§&—Precipitous. 
&—Confused. 
Dyvsocis sss Direction of swell: (Table 
same as for D,). 
ee re eee Indicator. 
d,d,....-.-- Bearing of disturbance in 
tens of degrees. 
See ..-. Distance of disturbance tens 
of miles (0 equals 100 
‘miles or more), 
aera ro Arva of disturbance: 
(Area in square miles.) 
1—0 to 19. 
2—11 to 30. 
3-31 to 60. 
4—61 to 100, 
5—101 to 500. 
6—501 to 1,000. 
7—1,001 to 5,000. 
8-~5,001 to 10,000. 
9—Greater than 10,000. 
Gun. gitmewss Indicator 
Vicewstuesc Cloud type: 
(See table rlready given. ) 
EN ee Amount of cloud: 
(See table already given.) 
Di esuste Bearing of cloud formation 
from aircraft: 
(See table for D,.) 
Ops2 terete Orientation of leading edge 
of cloud: 
0—~No observation. 
1—NNE-SSW. 
2—NE-SW. 
3—ENE-WSW. 
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~ BINAL DISPOSITION OF RECORDS AND CHARTS 


The original. observational records of surface and upper air data are being microfilmed 
by the Aerolegy Section, Navy Depertment, Weshington, D. C., and the microfilm file is to 
be available in that section. 

After microfilming, the original observational records will be forwarded for punch card tabu- 
lations to the Data Control Branch, Seventy-Second AAF Base Unit, and the U. S. Weather 
Bureau Tabulation Unit, Navy Section, both at New Orleans, La. 


All charts, photographs and teletype traffic from the Crossroads Weather Central at o) 
Kwajalein’ Island will be filed in the Archives of the Air Weather Service, Washington, D. C. 
The approximate period covered by this me terial is sa through a 1946. Some types of ' 


charts do not extend entirely over this period. 


Defense Special Weapons Agency 
6801 Telegraph Road 
Alexandria, Virginia 22310-3398 


TRC 23 January 1997 


MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER 
ATTN: OCD/Mr. Bill Bush 


SUBJECT: AD-801412 


The Defense Special Weapons Agency (formerly Defense Nuclear 
Agency) has reviewed the following report: 


OPNAV-JTF-P1001 AD- 801412 

Report of the Technical Director, Operation 
CROSSROADS; Aerological Report on Operation 
CROSSROADS, Commander, Joint Task Force One, 
May 1947. 


This report is appoved for public release. Distribution 
statement "A" now applies. 


ARDITH JARRETT 
Chief, Technical Resource Center 


